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Abstract 
Dexterity, adroitness in using the hands or body, is the prime or essential aspect in modeling dexterous hand. 
Deterministic response analysis of Dexterous Hand Model (DHM) advances the research area with the development 
of prosthetic control. Simulation procedure implies to build up stability of the reference transfer function of 
Dexterous Hand. Stability analysis with all simulation aspect is required to expand the discrete domain transfer 
function. The present work deals with the discussion of stability criteria and simulation in discrete domain by 
approaching Jury Test with sampled data control model. 
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1. Introduction 
“Dexterity" means the capability of end-effectors to autonomously perform tasks with a certain level of 
complexity operated by a suitable robotic system [1]. So many researches have been done to construct the 
control model of Dexterous Hand. The approach of modern control systems are implemented digitally. 
Apart from continuous deterministic test response (step, ramp, impulse etc.) the study of discrete 
deterministic test response for a system retains the special aspects of modern control system [2, 3, 4]. This 
work is concentrated on discrete domain analysis for sampled data control. Discrete domain analysis 
permits the reduction of characteristic roots from infinite to finite numbers and the analysis and design is 
consequently simplified [5]. 
2. Dexterous  Arm prototype  with Control Model representation   
Fig.1a and 1b represents a dexterous hand in rest and in grasping condition respectively. 
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Fig. 1. (a) The Dexterous             (b) The Dexterous Hand  
                 Hand Model [1];                Model in action  [1] 
 To analyze the above two models, the control block and the transfer function of dexterous hand have 
been developed. Here Gc(s) represents the controller and Gm(s) is defined as Motor and Joint. Now the 
overall transfer function T(s) =Y(s) / R(s) 
=                          (s2+6s+18)Km K 3 
          s4+15s3+(50+ K m K 3    )s 2 +6 K m K 3    s+18 K m K 3    
 
Considering K m K 3= K, 
T(s) =                          (s2+6s+18)K                                                    (1) 
                           s4+15s3+ (50+ K) s 2 +6 K s+18 K 
3. Simulation Aspects of Transfer function and discreet domain representation   
A system is said to be stable if any oscillatory setup is damped out with respect to time in consequence to 
application of an input. 
Fig. 3.Step response [1]                Fig. 4.Root locus plot[1]               Fig. 5.Bode plot [1]                       Fig. 6.Nyquist plot[1] 
 
It is already initiated by optimization that for K= 130 [1], the system is stable. Here rise time=0.121sec, 
peak amplitude=1.47, overshoot=46.9%, settling time=1.23sec according to fig.3. In reference to fig.4 all 
the roots are on the left hand side (L.H.S) of the s-plane. Thus the system is perfectly stable. 
 
In accordance with fig.5 the phase cross-over frequency is infinite and the gain crossover-frequency is 
much less than phase-crossover frequency. So the system is absolutely stable. Now according to fig.6 N 
(the number of encirclements of the (-1, 0) point) = 0, P (the number of poles on the real axis) = 0. 
Therefore, Z = P-N, Z = 0. Thus the system is perfectly stable. The S-domain transfer function is now 
converted to Discrete (Z) domain.
 
Here, sampling time is 0.5sec. 
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4. Jury Test for discrete domain stability 
Jury’s technique is one of the best suited tools in discrete domain which is being applied widely to 
determine the stability of discrete system. Technologists have segregated these special cases in which the 
stability of biological system can be established by the application of the Jury’s stability testing. The 
authors have devised an algorithm to determine the stability of biological system through Jury’s testing 
[7,8,9]. 
T (z) =  
 
 
Characteristic polynomial: 
F (z)=  
F(1) = 1.298 [F(1)>0 satisfied]  
(-1)4F (-1) = 0.8677 [(-1)4F(-1) > 0 satisfied] 
 
Table 1. Table of Jury Test for dexterous hand Transfer Function 
 
 
 
 
 
 
 
 
Table 1 represents the Jury format of dexterous hand Transfer function.  From Table 1 the   sufficient 
conditions for stability are obtained. 
 Ň Ň<Ň Ň, Satisfied 
 Ň Ň>Ň Ň, Satisfied 
 Ň Ň >Ň Ň, Satisfied 
So the transfer function is appropriate for the system. 
5. Sampled-data control representation by traditional method  
 
The sampled-data systems have received significant attention to describe nonlinear system characteristics. The 
discretization of a properly tuned continuous stable system expresses the preliminary approaches of nonlinear 
modeling. Considering the deterministic input test response as a step function, the generalized transfer function in 
Control System for sampled data control is represented as [8,9,10] 
0 1 2 nA z + A z + A z  +....+A z  C(z) n0 1 2T(z) =  = 0 1 2 mR(z) B z + B z + B z  +....+B zm0 1 2
  
  
                                                                   (2)
 
Here, R(z) is the input function and C(z) is the output function. A0, A1, A2............... An  and B0, B1, B2...............Bm are the co-
efficientsl. As the polynomial is in discrete domain, z = k is considered 
Row z0 z1 z2 z3 z4 
  1 a0= 0.000553 a1= 0.00337 a2= 0.08263 a3= 0.2121 a4= 1                     
  2 a4=1 a3= 0.2120 a2= 0.08263 a1= 0.003374 a0=  0.000553 
  3 b0  = 0.999 b1= -0.2120  b2= -0.0825 b3= -0.00325  
  4 b3= -0.00325 b2= -0.0825 b1= -0.2120  b0  = 0.999  
  5 c0 = 0.9979 c1= -0.2120 c2=-0.0817   
  6 c2= -0.0817 c1= -0.2120 c0= 0.9979   
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
Where k=0,1,2,3,…. 
 
 
 
 
 
 
 
 
 
 
 
                                                              Fig. 7.Plot of discrete constant C(k) vs. time (t) 
 
Applying similar technique on the transfer function T(z) 
 
         (3) 
           
Table2. Table for values of c(k) for different values of k.
C(k) Generalised Expression Value 
C(0) 0 
  C(1) 
  C(2) 
  C(3) 
 
  C(4) 
 
  C(5) 
 
  C(6) 
  C(7) 
 
 C(8) 
 C(9) 
 
C(10) 
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Coefficients of equation (1) & (2) are compared as: 
=0, =1.213, =0.01471, =0.0751, =-0.004608  
=1, =0.2121, =0.0826, =0.00337, =0.0005531 
Now for unit step input R(0)=R(1)=R(2)=…..=R(k)=1 
So considering k=0,1,2,3,....,10,the values of  C(0)C(1)C(2)C(3)C(4)..........C(10) are obtained as shown 
in the table 2. 
 
All these time constant values are plotted with respect to time and an optimized step response in discrete 
domain is obtained as shown in fig.7. The biological system is non-linear and non-deterministic in nature. 
In future, the Z-domain representation of the transfer function will develop the non-deterministic and non-
linear representation of the dextrous characteristics of arm system. A recursive function simulated in 
MATLAB will generate the values of c(k) automatically. Thus values up to c(100) would be easily 
available without any vigorous calculations which will help  in better modelling of the arm.   
6. Conclusion  
The development of the work is enriched the interdisciplinary knowledge of engineering and 
biomedical sciences. The dexterity control is one of the main features for the prosthetic arm. The standard 
dexterity controlled transfer function has been considered and its simulation analysis was performed by a 
simulator. The approach of the transfer function analysis is to determine the stability criteria of the system 
which can help the simulation procedure for other similar systems. This transfer function is considered 
not only for continuous domain also in discrete domain.  
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